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Abstract

The use of synthetic contact insecticides is one of the common strategies to prevent the damage of storage pests.
Considering the economic importance of storage insect pests and their resistance to common chemical insecticides, it is
necessary to find a safe, suitable, economical and durable method. In this research, the insecticidal activity of 400
mg/kg concentration of a commercial formulation, Silicosec®, an Iranian formulation Dryasil, Dryasil + 0.05% Mentha
longifolia extract, talcum powder alone, talcum powder + 0.05% of M. longifolia extract was evaluated on Tribolium
confusum adults in different grains including wheat, barley, rice, paddy rice and corn. Untreated grains were considered
as negative controls and grains treated with talcum powder were considered as positive controls. The mortality of adult
insects were counted 1, 5, 7, 10 and 14 days after treatment. In most cases, the Dryasil formulation followed by
Silicosec® significantly controlled the tested insect population in the grain mass. The mean mortality percentage of 7.
confusum 14 days after treatment in wheat, barley, rice, paddy and corn treated with Dryasil formulation was reported
54.44, 80.0, 54.44, 45.55, and 45.55 %, respectively. In the same time period, Silicosec® was able to control 56.66,
65.55, 34.44, 50.0, and 43.33% of T. confusum adults in wheat, barley, rice, paddy rice and corn, respectively. The
results showed that the insecticidal efficacy of diatomaceous earth increased over time. Moreover, Dryasil can be
recommended as a suitable grain protectant to control storage insect pests.
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Table 1. Multivariate Analysis of Variance (MANOVA) parameters for mortality of Tribolium confusum adults on
different cereals treated with different DEs (error df = 96 for all commodities).

Wheat Barley Rice Paddy rice Maize
Source
df F, P F, P F, P F, P F, P

Treatments 3 76.417,<0.001 126.562,<0.001  16.886, <0.001 19.469, <0.001 34.288, <0.001
Error (treatment) 24 - - - - -

Time 4 389.399,<0.001 766.513,<0.001 769.269,<0.001  629.571,<0.001  773.300, <0.001
Error (time) 32 - - - - -
Treatment X time 12 18.591,<0.001  33.850,<0.001  17.604, <0.001 8.160, <0.001 17.916, <0.001
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Table 2. Mean mortality% + SE of Tribolium confusum in wheat treated with diatomaceous earth.
Time (days)
Treatments
1 5 7 10 14
Silicosec® 7.77+2.22aE 17.77+1.46aD 26.66+1.66aC 36.66+1.66aB 56.66+1.66aA
Dryasil 6.66+2.35aD 13.33+1.66aD 23.33+1.66aC 33.33£1.66aB 54.44+1.75aA
Dryasil+ M.LE 2.22+1.46aC 3.33+1.66bC 5.55+1.75bB 8.88+2.00bB 22.22+1.46bA
Talcum+ M.LE 0.00bD 3.33£1.66bD 7.77£2.22bC 14.44+1.75bB 22.22+1.46bA
Fs3, P 4.260, 0.012 <0.001, 20.235 <0.001, 33.788 <0.001, 59.577 <0.001, 145.778

Means with different lowercase letters in each column, and different uppercase letters in each row have a significant difference using

Tukey test at P =0.05, M.LE: M. longifolia extract.
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Table 3. Mean mortality% = SE of Tribolium confusum in barley treated with diatomaceous earth.
Time (days)
Treatments
1 5 7 10 14

Silicosec® 0.00E 24.4442 .42aD 45.55+3.37bC 55.55+1.75bB 65.55+1.75bA
Dryasil 0.00D 20.00+2.88aC 55.55+1.75aB 74.44+1.75aA 80.00+2.35aA
Dryasil+ M.LE 0.00D 2.22+1.46bD 18.88+2.60cC 44.44+1.75¢B 57.77£3.23bA
Talcum+ M.LE 0.00D 0.00bD 4.44+2.42dC 21.11£2.60dB 32.22+1.46¢cA
F335, P - <0.001, 37.333 <0.001, 81.818 <0.001, 123.692 <0.001, 75.285

Means with different lowercase letters in each column, and different uppercase letters in each row have a significant difference using

Tukey test at P = 0.05, M.LE: M. longifolia extract.

Solas o lows audy b aS wl Slals wus s YOO &l Dryasil
Dryasil jlog lies g, VT <28 L .cudls o s
sl les b gyl gime Dolds g 0,5 olowl |, lab oy i
O Jol 5, 5l oley ctdS L wlali ws s al saslin Ko
ool 1, Olali ws o oy iy Dryasil jled (oo, 39,
oIRl 6)ls (g jsb 4 wad oz o) 50 45 ik 43S
as,3 VYIY cel Dryasil (yguwYgo,8 a5 (5,9 45 0,5 |y
Sl o ys ley GRlEl b oS wl e 5l ey 59, Veslils

(F U902 o) @23,z 59, 50 2oy0 OV/F @

20y0 ol 595 p0 a8 ol i gip 9, L hagh bl

s yles (ooled jo )] ainld (g9, B Ol SLL
+ g g Silicosec” slo,las o Sl ez 59, 40 g
+Dryasil ¢ Dryasil sl ,log a5 Jb> o i 3,155 S
isle plaizl ogs 4 Slali s )0 VIV g VIV s a4 digs
el a0 o ion Dryasil jled ¢jg, s clldS 5l
glas aig + Dryasil jles b aS ols plas! o095 o |,
SI6 + 4y g Silicosec” gla,los b Jg il o e
Syl degilbs S Ve e, o il o gae Dol

cilizes 5loygenY 90,8 b ool jlas g5y 0 Tribolium confusum o, aiois JolS Ol lae glas + Sl ao s Sk F Jous

Adagibs Sl
Table 4. Mean mortality% + SE of Tribolium confusum in rice treated with diatomaceous earth.
Time (days)
Treatments
1 5 7 10 14
Silicosec® 0.00C 0.00aC 3.33£1.66¢C 22.22+1.46bB 34.44+1.75bA
Dryasil 0.00D 3.33+1.66aD 17.77+2.22aC 35.55+2.42aB 54.44+1.75aA
Dryasil+ M.LE 0.00D 2.22+1.46aD 13.33+1.66aC 25.55+1.75bB 35.55+1.75bA
Talcum+ M.LE 0.00C 0.00aC 7.77+1.46bB 23.33+1.66bB 36.66£1.66bA
F33, P - <0.001, 2.250 <0.001, 12.618 <0.001, 10.667 <0.001,29.915

Means with different lowercase letters in each column, and different uppercase letters in each row have a significant difference using

Tukey test at P =0.05, M.LE: M. longifolia extract.
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Table 5. Mean mortality% + SE of Tribolium confusum in paddy rice treated with diatomaceous earth.

Time (days)
Treatments
1 5 7 10 14

Silicosec® 0.00D 5.55+1.75aD 16.66+1.66aC 31.11£2.00aB 50.00+2.88aA
Dryasil 0.00D 5.55+1.75aD 16.66+1.66aC 30.00+1.66aB 45.55+1.75aA
Dryasil+ M.LE 0.00D 3.33+1.66aD 13.33+1.66aC 26.66+1.66aB 36.66+2.35bA
Talcum+ M.LE 0.00D 0.00aD 7.77+1.46bC 16.66+1.66bB 25.55+1.75dA
F33, P - <0.001, 3.080 <0.001, 6.760 <0.001, 14.000 <0.001, 23.221

Means with different lowercase letters in each column, and different uppercase letters in each row have a significant difference using

Tukey test at P = 0.05, M.LE: M. longifolia extract.
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Table 6. Mean mortality% + SE of Tribolium confusum in maize treated with diatomaceous earth. y”
Time (days)
Treatments
1 5 7 10 14
Silicosec® 0.00D 2.22+1.46aD 13.33£1.66bC 24.44+1.75bB 43.33+£2.88aA
Dryasil 0.00D 2.22+1.46aD 23.33+1.66aC 37.77£1.46aB 45.55+1.75aA
Dryasil+ M.LE 0.00D 7.77£1.46aD 7.77£1.46bC 15.55£1.75¢B 34.44+1.75bA
Talcum+ M.LE 0.00C 3.33+1.66aC 3.33+1.66¢C 8.88+2.00cB 25.55+1.75cA
Fs3, P - <0.001, 1.524 <0.001, 28.353 <0.001, 50.533 <0.001, 18.994

Means with different lowercase letters in each column, and different uppercase letters in each row have a significant difference using
Tukey test at P =0.05, M.LE: M. longifolia extract.
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Table 7. Lethal time (LTso) of different diatomaceous earth formulations on adults of Tribolium confisum.

Formulation Wheat Barley Rice Paddy rice Maize
Silicosec®

LTso (day) (95% 15.65 8.90 16.07 13.88 15.34
CD) (8.74-206.68) (7.92-10.13) (14.25-19.61) (12.26-16.79) (13.40-19.17)
Slope + SE 1.39+£0.21 2.603 +0.33 474 +0.72 3.44 +0.49 3.66 £ 0.54
v, P(df=3) 7.891, 0.048 2.854,0.415 3.893,0.273 0.237,0.971 1.315,0.726
Dryasil

LTso (day) (95% 17.59 7.37 12.72 14.86 13.64
CD) (9.17-3789.51) (4.81-9.79) (11.52-14.59) (12.86-18.79) (10.22-60.45)
Slope + SE 1.46 £0.22 3.61 £041 3.98+0.51 3.17+0.48 3.32+0.48
v, P(df=3) 10.163, 0.017 9.586, 0.022 1.50, 0.682 0.462, 0.927 8.593, 0.035
Dryasil+ PE

LTso (day) (95% 31.69 11.87 17.27 17.10 17.32
CD) (20.87-94.18) (10.90-13.26) (14.48-23.71) (14.33-23.49) (14.92-22.46)
Slope + SE 2.11£0.50 4.35+0.51 3.16+0.53 3.07+0.513 4.13+0.66
x, P (df=3) 0.122, 0.989 3.844,0.279 2.47,0.481 1.533,0.675 2.431,0.488

CI: Confidence interval; M.LE: M. longifolia extract.
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